INTRODUCTION {#sec1-1}
============

Low birth weight (LBW) is defined as weight \<2500 g at birth regardless of gestational age.[@ref1] LBW is a leading cause of prenatal and neonatal deaths, and as such it remains a worldwide issue and one of the most important public health problems particularly in developing countries.[@ref2] National Family Health Survey-III has found that in India, 21.5% babies are born with LBW.[@ref3] There are numerous factors contributing to LBW, both maternal and fetal. The maternal risk factors are biologically and socially interrelated; most are, however, modifiable.[@ref4] The maternal and fetal risk factors for LBW are varying among different geographical regions. Therefore, we planned the present study to assess the maternal risk factors associated with LBW neonates at a tertiary hospital, Nanded, Maharashtra.

MATERIALS AND METHODS {#sec1-2}
=====================

The present case--control study was carried out in the postnatal ward of a tertiary care hospital in Nanded city of Maharashtra between January and July 2014. The sample size was calculated by online sampsize calculator[@ref5] by using odds ratio = 2, exposed controls for anemia[@ref6] = 22.5%, alpha risk = 5%, and power = 80%. The resulting sample size was 160 each for cases and controls (Total = 320). The ratio of cases and controls was 1:1. The cases were group matched to controls for age group only (±5 years). A total of 160 cases (LBW) and 160 controls (normal birth weight-\[NBW\]) were selected by systematic random sampling from the total number of deliveries conducted in this hospital from January 2014 to July 2014 from the admission register of postnatal ward. Mothers who delivered a live newborn weighing ≤2499 g were chosen as cases whereas mothers who delivered a live newborn weighing \>2499 g were selected as controls. According to the hospital policy, regarding the birth weight of newborn, the weights of newborns were taken immediately after birth with infant weighing scale which was calibrated periodically to minimize the instrumental error. The approval from the Institutional Ethical Committee was obtained before commencing the study. The informed consent was obtained from mother before the interview and also explained the purpose of study. Data collection was done by using predesigned questionnaire, and also the current case record sheet, previous health records, antenatal cards were checked and gathered the desired information during the interview. The study variables included in our study were sociodemographic profile of the mother like maternal age, education, occupation, consanguinity, per capita income, type of family and socioeconomic status as per the Modified BG Prasad\'s classification. Baby characteristics included were sex, birth weight, gestational age, and type of delivery. The constitutional factors of mother included were height, weight, and hemoglobin level. According to the World Health Organization, hemoglobin level below 11 g/dl in pregnant women constitutes anemia.[@ref7] Obstetric history included were parity, interval between pregnancies, bad obstetric history, consumption of iron and folic acid (IFA) tablets, and antenatal care (ANC) visits during current pregnancy. The history of addiction was asked regarding consumption of alcohol and tobacco in any form. Medical risks predating pregnancy (underlying disease) was also recorded by including diabetes, urinary tract infection, premature rupture of membrane, pregnancy induced hypertension, eclampsia/preeclampsia, and others. The data was entered in excel sheet and analyzed by Epi Info 7 Version (Atlanta, Georgia, USA) for mean, standard deviation, Chi-square test, and unconditional logistic regression considering the level of significance of *P* \< 0.05. The risk factors which were found statistically significant by Chi-square test, only those risk factors were selected for the unconditional logistic regression for assessing independence of maternal risk factors associated with LBW neonates.

RESULTS {#sec1-3}
=======

The mean birth weight of LBW was 2.0584 ± 0.2888 kg and of NBW was 2.8419 ± 0.3209 kg. Among cases, mean age was 23.43 ± 3.89 years and among controls, mean age was 23.36 ± 3.477 years. Among the NBW babies, majority (98.75%) were full term whereas among the LBW babies, majority (52.50%) were preterm. This association was found to be statistically significant (*P* \< 0.001). Most (59.38%) of the LBW babies were females whereas males (55%) dominated among NBW babies, and this association was statistically significant (*P* = 0.01). Maximum babies, both NBW (79.38%) and LBW (67.5%) were full term normal delivery. More than half of the mothers belonged to the age group between 19 and 23 years (55.94%), followed by 24--28 years age group (33.44%). Rural residence dominated in both case (56.88%) and control group (52.50%). Majority of cases and controls were Hindus (62.81%) and belonged to open category (39.38%). Mothers of most of the LBW babies were illiterate (37.50%) whereas mothers of most of the NBW babies were having intermediate education (21.25%). This association was found to be statistically significant (*P* \< 0.001). Similarly, fathers of majority of LBW babies were illiterate (21.25%), whereas those of NBW babies were high school passed (26.88%), again a statistically significant association (*P* \< 0.001).

Maximum mothers in both groups (73.13% cases and 43.13% controls) were unemployed and maximum fathers in both groups were semi-skilled workers (50% cases and 55% controls), and both these associations were found to be statistically significant (*P* \< 0.001). Mothers with non-consanguineous marriage dominated in both case (73.13%) and control group (81.88%). Mothers belonging to socioeconomic status Class IV as per the Modified BG Prasad classification were in majority in both groups (34.38% cases and 45.63% controls). Most of the LBWs (46.88%) and NBWs (70%) were found in joint families with significant association (*P* \< 0.001) with type of family. Average height in range of 151--160 cm was seen in both groups (62.50% cases and 63.75% controls). This association between maternal height and birth weight of babies was found to be statistically significant (*P* = 0.0019).

Mothers of most of the LBW babies (58.75%) had average weight gain of ≤7 kg whereas those of the NBW babies (98.13%) had average weight gain of 8--14 kg. This association was found to be statistically significant (*P* \< 0.001). Hemoglobin level in mothers of cases (78.13%) was in the range of 8--11 g/dl and that of controls (51.25%) was \>11 g/dl with statistically significant association (*P* \< 0.001) with birth weight of babies. Planned pregnancies (80%) outnumbered among LBW babies while unplanned (70%) among NBW pregnancies. Exactly half of the mothers of LBW babies were multigravida whereas in case of NBW babies, they were slightly more than half (53.13%). Among mothers of LBW babies, 16.25% had bad obstetric history and this was found to be statistically significant (*P* \< 0.001).

First ordered babies topped among birth order in both case (50%) and control group (46.88%). In most of the cases (23.75%) and controls (40.63%), the interval between pregnancies was between 1 and 2 years, which was statistically significant (*P* \< 0.001). Mothers of 25% LBW babies had previous LBW child, and this association was found to be statistically significant (*P* \< 0.001). Among mothers of LBW babies, 1.25% had multiple pregnancy whereas none of the mothers of NBW babies had multiple pregnancy but this association was not statistically significant (*P* = 0.155).

Underlying disease was present in 51.88% cases, and this was significantly associated (*P* \< 0.001) with LBW of babies. There was no significant association between both smoking (*P* = 0.316) and tobacco chewing (*P* = 0.0179) with LBW babies. None of the mothers in both case and control group gave a history of alcohol addiction. Maximum mothers in both groups (46.88% controls and 84.38% cases) had their first ANC visit before 20 weeks of gestational age. While more than half of the mothers of case group (58.13%) had \<4 ANC visits, reverse is true for control (60%) with more than 4 ANC visits. The association between ANC visits and birth weight of babies was statistically significant (*P* = 0.001). More mothers in control group (94.38%) gave a history of IFA tablets consumption as compared to only 56.25% mothers in case group and this was significantly associated (*P* \< 0.001) with birth weight of babies \[[Table 1](#T1){ref-type="table"}\].
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Distribution of risk factors for low birth weight
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Unconditional logistic regression analysis showed that the most important risk factors significantly associated with LBW neonates were hemoglobin level (*P* = 0.035), weight gain during pregnancy (*P* \< 0.001), gestational age (*P* \< 0.001), bad obstetric history (*P* = 0.0086), IFA tablets consumption (*P* = 0.0008), and planned/unplanned pregnancy (*P* \< 0.001). It was found that mothers with hemoglobin level \<8 g/dl had 3.28 times greater risk of giving birth to LBW neonates than with hemoglobin level \>8 g/dl. Similarly, mothers with weight gain during pregnancy ≤7 kg had 38.10 times greater risk of giving birth to LBW neonates than with ≥8 kg weight gain mothers. The mothers of preterm neonates were 100.20 times more likely to give birth to LBW neonates than both full term and post term. Mothers with bad obstetric history were 36.64 times greater risk of giving birth to LBW neonates than who had good obstetric history and mothers with no history of IFA tablets consumption were at 8.82 times greater risk of giving birth to LBW neonates \[[Table 2](#T2){ref-type="table"}\].
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Unconditional logistic regression analysis of risk factors for low birth weight
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DISCUSSION {#sec1-4}
==========

The present study was conducted to assess the maternal risk factors to LBW neonates. The gestational age (preterm/full term/post term) was significantly associated with LBW in our study. This finding about gestational age was consistent with the findings by Sengupta *et al*.,[@ref8] Sutan *et al*.,[@ref9] Ghani *et al*.,[@ref10] and Bendhari and Haralkar.[@ref11] The type of delivery (Full term normal delivery/cesarean section/assisted delivery) was significantly associated with LBW in our study. Only Bendhari and Haralkar[@ref11] showed the similar findings but contrast findings were reported by Deshpande *et al*.[@ref6] and Singh *et al*.[@ref12] regarding type of delivery.

The maternal age (19--38 years) was not significantly associated with LBW in our study and also similar findings were showed by Matin *et al*.,[@ref13] Sengupta *et al*.,[@ref8] Deshpande *et al*.,[@ref6] Singh *et al*.[@ref12] whereas significant association was noted by several studies.[@ref2][@ref9][@ref11][@ref14][@ref15][@ref16][@ref17] The residence (urban/rural) was not significantly associated with LBW in our study as well as similar findings reported by Matin *et al*.[@ref13] However, contrast findings about residence were showed by Ghimire *et al*.[@ref16] and Nagargoje *et al*.[@ref18]

The caste was not significantly associated with LBW as well as similar findings was showed by Singh *et al*.[@ref12] The education of mothers was significantly associated with LBW and similar findings were reported by many studies[@ref2][@ref4][@ref6][@ref10][@ref11][@ref13][@ref15][@ref19][@ref20] whereas contrast findings were revealed by Bhatti *et al*.,[@ref17] Sengupta *et al*.,[@ref8] and Nagargoje *et al*.[@ref18] The education of husband was significantly associated with LBW in the present study but not significant association was reported by Nagargoje *et al*.[@ref18]

The occupation of mothers was significantly associated with LBW in our study, and similar findings were showed by Deshpande *et al*.,[@ref6] Viengsakhone *et al*.,[@ref2] Matin *et al*.,[@ref13] and Bendhari and Haralkar[@ref11] but contrast findings were revealed by Rizvi *et al*.[@ref4] and Nagargoje *et al*.[@ref18] The consanguinity of marriage was not significantly associated with LBW in our study and same finding was showed by Rafati *et al*.[@ref20]

The socioeconomic status by the Modified BG Prasad\'s classification was not significantly associated with LBW in the present study and similar findings were reported by Sengupta *et al*.,[@ref8] Nagargoje *et al*.,[@ref18] and Bhatti *et al*.[@ref17] however, significant association with LBW was revealed by Matin *et al*.,[@ref13] Bendhari and Haralkar,[@ref11] Deshpande *et al*.,[@ref6] Mumbare *et al*.,[@ref21] and Dalal *et al*.[@ref15] The type of family (Nuclear/Joint/Three generation) was significantly associated with LBW in our study as well as similar findings by Bendhari and Haralkar[@ref11] but contrast finding was reported by Deshpande *et al*.[@ref6]

The maternal height (≤140 cm to ≥161 cm) was significantly associated with LBW in the present study, and similar findings were reported by several studies.[@ref6][@ref11][@ref12][@ref18][@ref19][@ref21] However, contrast findings were showed by Sutan *et al*.,[@ref9] Matin *et al*.,[@ref13] and Sengupta *et al*.[@ref8] The weight gain (≤7 kg to ≥15 kg) during pregnancy was significantly associated with LBW in the present study, and similar findings were reported by Sengupta *et al*.,[@ref8] Mumbare *et al*.,[@ref21] Singh *et al*.,[@ref12] Sutan *et al*.,[@ref9] and Ghani *et al*.[@ref10]

The haemoglobin level (\<8 g/dl to ≥11 g/dl) during pregnancy was significantly associated with LBW in our study, and similar findings were reported by many studies,[@ref6][@ref11][@ref12][@ref13][@ref14][@ref15][@ref18][@ref19][@ref21] however, contrast findings were showed by Bhatti *et al*.[@ref17] and Sengupta *et al*.[@ref8] The planned/unplanned delivery was significantly associated with LBW in our study but Rafati *et al*.[@ref20] showed that significant association was observed between planned/unplanned pregnancy and LBW.

The gravida (primigravida/multigravida) was not significantly associated with LBW in the present study, and similar findings were reported by Deshpande *et al*.[@ref6] and Sutan *et al*.,[@ref9] however, contrast findings were showed by Bendhari and Haralkar.[@ref11] The bad obstetric history was significantly associated with LBW in the present study and similar findings were observed by Deshpande *et al*.[@ref6] and Ghimire *et al*.,[@ref16] however, contrast findings were reported by Bendhari and Haralkar[@ref11] and Sengupta *et al*.[@ref8] The birth order was not significantly associated with LBW in our study but significant association was reported by Viengsakhone *et al*.[@ref2]

The interval between pregnancies was significantly associated with LBW in our study, and similar findings were showed by many studies[@ref6][@ref10][@ref11][@ref15][@ref17][@ref18][@ref19][@ref20][@ref21] however, contrast findings were reported by Sengupta *et al*.,[@ref8] Sutan *et al*.,[@ref9] and Ganesh Kumar *et al*.[@ref14] The previous LBW was significantly associated with LBW in the present study whereas similar findings reported by Sutan *et al*.,[@ref9] Ghani *et al*.,[@ref10] and Rafati *et al*.[@ref20] The multiple pregnancy was not significantly associated with LBW in our study, but contrast finding was revealed by Ghani *et al*.[@ref10]

The underlying disease during pregnancy such as diabetes, pregnancy-induced hypertension, and eclampsia/preeclampsia was significantly associated with LBW in the present study and similar finding was noted by Rafati *et al*.,[@ref20] but no significant association was showed by Sengupta *et al*.[@ref8] Tobacco chewing was significantly associated with LBW in the present study. Similar findings were reported by Deshpande *et al*.,[@ref6] Mumbare *et al*.,[@ref21] Dalal *et al*.,[@ref15] however, contrast findings was suggested by Nagargoje *et al*.[@ref18] The timing of first ANC visit was significantly associated with LBW in our study and similar findings were reported by Ghani *et al*.,[@ref10] Anjum *et al*.,[@ref19] and Bendhari and Haralkar,[@ref11] however, contrast finding was showed by Nagargoje *et al*.[@ref18]

Total number of ANC visit was significantly associated with LBW in the present study, and similar findings were showed by many studies,[@ref6][@ref11][@ref12][@ref15][@ref19] however, contrast findings were reported by Bhatti *et al*.,[@ref17] Rizvi *et al*.,[@ref4] Ganesh Kumar *et al*.,[@ref14] and Nagargoje *et al*.[@ref18] The IFA tablets consumption was significantly associated with LBW in our study and Matin *et al*.[@ref13] showed the significant association between iron and vitamin consumption as well as Rizvi *et al*.[@ref4] reported significant association between only iron consumption and LBW.

In this study, there was a significant association of religion and occupation of husband with LBW whereas no significant association of smoking with LBW, but we could not find any study to relate. No mother had given history of alcohol addiction in our study.

We tried to minimize the recall bias for most of the factors by cross verifying the related documents such as ANC card and previous health records, however, we could not verify the factors such as smoking, alcohol, tobacco chewing, and IFA tablets consumption during pregnancy. Instrument bias was minimized by calibrating the instrument (infant weighing scale) periodically.

CONCLUSION {#sec1-5}
==========

The present study found the significant association among gestational age, sex of baby, type of delivery, maternal age, religion, education of mother and husband, occupation of mother and husband, type of family, maternal height, weight gain during pregnancy, hemoglobin level, planned/unplanned delivery, bad obstetric history, interval between pregnancy, previous history of LBW, underlying disease, tobacco chewing, timing of first ANC visit, total number of ANC visit, and IFA tablets consumption with LBW. The study also found that hemoglobin level, weight gain during pregnancy, gestational age, planned/unplanned delivery, bad obstetric history, and IFA tablets consumption during pregnancy were independent risk factors for LBW.
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